In this paper, we obtain luminosity distances by using ages of 32 old passive galaxies distributed over the redshift interval 0.11 < z < 1.84 and test the cosmic conservation of photon number by comparing them with 580 distance moduli of type Ia supernovae (SNe Ia) from the so-called Union 2.1 compilation. Our analyses are based on the fact that the method of obtaining ages of galaxies relies on the detailed shape of galaxy spectra but not on galaxy luminosity. Possible departures from cosmic conservation of photon number is parametrized by τ(z) = 2εz and τ(z) = εz/(1 + z) (for ε = 0 the conservation of photon number is recovered). We find ε = 0.016 +0.078 −0.075 from the first parametrization and ε = −0.18 +0.25 −0.24 from the second parametrization, both limits at 95% c.l. In this way, no significant departure from cosmic conservation of photon number is verified. In addition, by considering the total age as inferred from Planck (2015) analysis, we find the incubation time t inc = 1.66 ± 0.29 Gyr and t inc = 1.23 ± 0.27 Gyr at 68% c.l. for each parametrization, respectively.
I. INTRODUCTION
Since 1998, type Ia supernovae (SNe Ia) observations (Riess et al. 1998 the high z observational data also indicate a decelerated phase for z > 1, fundamental for the structure formation process to take place (Riess et al. 2004 ).
With more than 700 Type Ia supernovae discovered (Betoule et al. 2014) , the constraints on cosmological parameters inferred from SNe Ia are now limited by systematic errors rather than by statistical errors.
An important systematic error source is the mapping of the cosmic opacity. The SNe Ia observations are affected by at least four different sources of opacity, namely, the Milky Way, the hosting galaxy, intervening galaxies, and the Intergalactic Medium. The opacity can also occur by extragalactic magnetic fields that can turn photons into unobserved particles (e.g. light axions, chameleons, gravitons, Kaluza-Klein modes) (Avgoustidis et al. 2009 (Avgoustidis et al. & 2010 . Recently, an interesting result was obtained by Lima, Cunha & Zanchin (2011). These authors discussed two different scenarios with cosmic absorption and concluded that only if the cosmic opacity is fully negligible, the description of an accelerating Universe powered by dark energy or some alternative gravity theory must be invoked (see also Li et al. 2013 ).
An interesting way to test the quality of the SNe Ia data has been performed in recent years by confronting them with data sets which are cosmic opacity independent. For instance, Holanda In this paper, we show that it is possible to test the cosmic conservation of photon number with luminosity distances from SNe Ia and those inferred from 32 ages of old objects. We do not assume any matter content in our analysis. Our analyses are based on the fact that the method of obtaining ages of galaxies relies on the detailed shape of galaxy spectra but not on galaxy luminosity. Moreover, it is only assumed that the Universe is homogeneous and isotropic, which leads to the Friedmann-Robertson-Walker geometry (see Eq. 3). As a simplifying hypothesis, we assume spatial flatness. In addition to the present analysis, in order to put constraints over t inc , we use the Planck constraint on the cosmic total age (Ade et al. 2016). As a result, no significant departure from cosmic conservation of photon number is verified.
The paper is organized as follows. In Section II we describe our new method to verify the photon conservation, while in Section III the observational quantities used in this work are discussed. The corresponding constraints on the opacity are investigated and discussed in Section IV. We summarize our main results in Section V.
II. METHODOLOGY A. Photon conservation and luminosity distances
As well known, a violation of photon number from a luminosity source leads to a modification of its inferred luminosity distance, increasing or decreasing it with respect to a transparent universe. Mathematically, if there is violation of photon number between observer and a light source, the flux received is modified by a factor e −τ(z) , where τ > 0 corresponds to a photon sink and τ < 0 corresponds to a photon source in the path to the observer (Chen & Kantowski, 2009a; 2009b) . In this way, the inferred luminosity distance of the source, D L,obs is related to the true luminosity distance (in a transparent universe) by
Therefore, the observed distance modulus is given by
In our analyses, measurements of m obs are taken from the SNe Ia Union 2.1 compilation (Suzuki et al. 2012 ). We compare m obs estimates from SNe Ia data to m true inferred directly from the ages of old objects as will be discussed in the next subsection.
B. Luminosity distance from old objects
Let us assume the Friedmann-Robertson-Walker metric and that the method of obtaining ages of galaxies relies on the detailed shape of galaxy spectra but not on galaxy luminosity. Thus, the true luminosity 
where t is the Universe age at redshift z. In this way, if one can access the dt/dz quantity in SNe Ia redshift range without assumptions on cosmological model and also free of opacity, it is possible to obtain m true for each SNe Ia redshift and put constraints on τ(z) via Eq. (2).
In our work, dt/dz is estimated from ages of 32 old passive galaxies distributed over the redshift interval 0.11 < z < 1.84 (see next section for details). In Fig. 1b we plot the original estimated ages of galaxies (see next section for more details). As we are only interested on the derivative dt/dz, instead of assuming an incubation time and using the total age from other observations, we choose to fit t ob j (z). If we assume that the incubation time is constant, that is, independent of redshift, one may see that t(z) only differs from t ob j (z) by a constant. That is,
We have tested some polynomial fits for t ob j (z) and we have found that the minimal polynomial that yields a good fit, when combined with SNe Ia, is a third degree polynomial fit, such as:
As we assume t inc to be constant, we have
dz , so we may say, that our model of Universe, that is, the function we assume that can describe the Universe given the data is:
From (4), we may also estimate t inc , once we estimate a 0 and know t 0 , as we have t inc = t 0 − a 0 . Finally, from Eq. (3), the true luminosity distance can be given by
However, one must note that the parameters a i derived from the age of old objects will be in Gyr, so in order to obtain D L in Mpc in Eq. (7) one must write c in Mpc/Gyr as c = 306.6 Mpc/Gyr.
III. DATA SET
In the following, we describe the data sets used in our analyses.
• For the photon number dependent data, we use the Union 2. • For the photon number independent data, we use the age estimates of 32 old passive galaxies respectively. This factor accounts for our ignorance about the amount of time since the beginning of the structure formation in the Universe until the formation time of the object. However, such a treatment assumes that all of these galaxies need to have formed at the same time for their ages to trace out the Universe history. We still assume 10% uncertainty on measurement of age of each Galaxy (Dantas et al. 2009 (Dantas et al. , 2011 Samushia et al. 2010) . Again, it is also important to stress that the method for obtaining the age of galaxies relies on the detailed shape of galaxy spectra but not on galaxy luminosity, so it is independent of τ (Avgoustidis et al. 2010).
IV. ANALYSES AND DISCUSSION
We assume two possible departures from cosmic conservation of photon number, as parametrized by two functions: • P2: τ(z) = εz/(1 + z), which avoids the τ(z) divergence at high redshifts of the linear parametrization.
As one may see, ε > 0 and ε < 0 correspond, respectively, to the presence of a cosmic opacity or photon source between the observer and the light source.
We estimate the best-fit to the set of parameters p ≡ (ε, a 0 , a 1 , a 2 , a 3 ) through a joint analysis involving the luminosity distances of SNe Ia and age of galaxies by evaluating the likelihood distribution function,
where
and
In Eq. (9), t ob j (z i , a 0 , a 1 , a 2 , a 3 ) is obtained from Eq. (5) and t ob j,obs,i corresponds to ages of galaxies.
In Eq. (10) Because there is so many free parameters in both models, we choose to sample the likelihood through We used the freely available software emcee to sample from our likelihood in our 5-dimensional parameter space. We have used flat priors over the parameters. In order to plot all the constraints in the same figure, we have used the freely available software getdist 2 , in its Python version. The results of our statistical analyses from Eq. (8) can be seen in Fig. 2 and Table I , where the errors correspond to 68.3%
and 95% c.l.
From Fig. 2 and Table I , we see that both functions (P1, P2) favour a cosmic conservation of photon number at least at 2σ c.l. Figure 3a shows the marginalized likelihoods for ε in both models. An interesting result appears when the evolution of τ(z) is plotted. As one may see in Fig. 3b , the transparent universe, τ(z) = 0, is in full agreement with the data used in our analyses at 1σ c.l. for model P1 and 2σ c.l. for model P2.
As one may see on Table I , the parameter errors are quite small, corresponding to 2.4% (P1) and 2.1%
(P2) over a 0 (68.3% c.l.), for example. This is due to the large number of SNe Ia and to the fact that the t ob j (z) and SNe Ia are complementary, yielding nearly orthogonal constraints.
As we have claimed before, we may estimate incubation time in context of our models once we have −0.12 , in full agreement with our results. None of these analyses have been able to discard a transparent Universe (ε = 0).
In this paper we have proposed a new model cosmological independent method to probe the cosmic conservation of photon number. Although that the Universe acceleration for redshifts approximately lower than unity is supported by several other independent probes, investigating the cosmic opacity on the SNe Ia data is an important issue, in order to search for some source of unknown systematic error. If some extra dimming or brightness is still present, the SNe Ia observations will give us unreal values to main cosmological parameters and the Universe will seem as accelerating at a different rate than it actually is.
To perform our analyses, we have considered the following cosmological data: 580 SNe Ia from Union 2.1 compilation and old objects, specifically, 32 old galaxies (0.11 < z < 1.84). Since the method to determine the ages relies on the detailed shapes of galaxy spectra but not on luminosities, they are independent of cosmic conservation of photon number. We have shown the possibility of obtaining luminosity distances free of cosmic conservation of photon number assumption from the relation, in a flat FRW framework, between D L and dt/dz quantity from a best fit polynomial to t(z) of old objects. Our ignorance about a possible departure from cosmic conservation of photon number was parametrized by τ(z) = 2εz (P1) and τ(z) = εz/(1 + z) (P2) and we have found that ε is compatible with 0 at 1σ c.l. for model P1 and at 2σ c.l. for model P2 (see Fig. 3 ). Thus, our results have reinforced the transparency of the universe and conservation of photons along with other analyses made in the literature, where were used SNe Ia, angular diameter distance and H(z) data as well as have reinforced the present accelerated stage of the Universe.
